Abstract: A spatial light phase modulator with a high transmission> 85% (260-1100 nm) and a phase modulation capability of 53 radian at 260 nm and 12 radian at 1100 nm has been developed for the¯rst time. We generated 2.8-fs, 1.5-optical-cycle pulses using a home-made spatial light modulator (SLM), which is based on the feedback chirp-compensation technique [1, 2, 3] . In addition, we generated intense ultrabroadband optical pulses whose spectrum ranges from near ultraviolet (UV) to near-infrared (NIR) (300 » 1000 nm) by the use of induced phase modulation (IPM) as well as self-phase modulation (SPM) [4, 5] and its Fouriertransform limited pulse duration is 1.5 fs corresponding to 0.9 cycles [4] . Furthermore, recently we have succeeded in compressing pulses nonlinearly-chirped by IPM and SPM to 2.6 fs (1.3 cycles, 1.4 GW) [5] . However, the spectral width of compressed pulses has been limited to the visible-to-NIR region (400 » 1000 nm) by the bandwidth of the employed SLM. On the other hand, chirp compensation and pulse shaping using a°exible mirror or an acousto-optic modulator were reported by some groups. However, they have some problems such as low spatial and phase resolutions, high de°ection losses, high dispersion and bandwidth limitation [6, 7, 8] . Therefore, the development of an SLM operating in the region from UV to NIR is essential for further ultrabroadband chirp compensation and the generation of sub-femtosecond optical pulses.
We generated 2.8-fs, 1.5-optical-cycle pulses using a home-made spatial light modulator (SLM), which is based on the feedback chirp-compensation technique [1, 2, 3] . In addition, we generated intense ultrabroadband optical pulses whose spectrum ranges from near ultraviolet (UV) to near-infrared (NIR) (300 » 1000 nm) by the use of induced phase modulation (IPM) as well as self-phase modulation (SPM) [4, 5] and its Fouriertransform limited pulse duration is 1.5 fs corresponding to 0.9 cycles [4] . Furthermore, recently we have succeeded in compressing pulses nonlinearly-chirped by IPM and SPM to 2.6 fs (1.3 cycles, 1.4 GW) [5] . However, the spectral width of compressed pulses has been limited to the visible-to-NIR region (400 » 1000 nm) by the bandwidth of the employed SLM. On the other hand, chirp compensation and pulse shaping using a°exible mirror or an acousto-optic modulator were reported by some groups. However, they have some problems such as low spatial and phase resolutions, high de°ection losses, high dispersion and bandwidth limitation [6, 7, 8] . Therefore, the development of an SLM operating in the region from UV to NIR is essential for further ultrabroadband chirp compensation and the generation of sub-femtosecond optical pulses.
We have developed an SLM with a new liquid crystal to be used in the ultrabroadband range from UV to NIR, which consists of a fused silica cell with a 200-º A indium tin oxide¯lm, a 35-¹m gap, and a parallel orientation mode. The employed liquid crystal is transparent at over 260 to 1100 nm and its optical anisotropy is 0.080 at 589 nm. Figure 1 shows the spectral transmittance curve of the SLM. This result means that low transmission losses are realized even in the UV region for the 4-f chirp compensation system with a prism pair.
We calibrated a phase modulation (¢Á) using a channeled-spectrum spectroscopic technique [9] . We used a halogen lamp and a xenon lamp as light sources. The polarizer and analyzer were set up to be crossed Nicol. We applied the rectangular voltage using a function generator. We used the retardation plate to get a clear interference of transmitted light. A linearly-polarized incident light through the polarizer produced the phase di®erence by fast and slow axes of the SLM, and its interference spectrum was measured with varying the applied voltage by an ICCD-attached spectrometer. The phase component (£(¸; V )) was determined by the inverse Fourier transform of an ac component and the removal of the phase component by a retardation plate. As a result, the magnitude of the ¢Á is given by:
where V is the applied voltage, V 0 is the reference voltage, d is the SLM gap, and n e is the refractive index of the liquid crystal.
To obtain the maximum value of the ¢Á, the parameter determination of the value and cycle of the applied voltage wave is very important. Those parameters were determined via the following processes: (i) varying the applied voltage at a¯xed cycle, (ii) varying the cycle using the obtained applied voltage, (iii) varying the applied voltage again using the obtained cycle. Determined parameters are 8 V and 20.5 ms. The applied JThD3.pdf
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voltage dependence of the ¢Á showed a saturation at the more than 8 V and the 20.5-ms cycle. The period is longer than that of the SLM (2.73 ms) which we previously employed for visible laser pulses. This result is caused by a response time di®erence of each liquid crystal. Figure 2 shows the wavelength dependence of the ¢Á(¸; V ) as a parameter of the applied voltage. The applied voltage varies from 0 to 8 V. Maximum values of the ¢Á(¸; V ) at 300, 600 and 1000 nm are 44.33, 16.34 and 12.76 rad, respectively. Those values suggest that strong chirp of pulses with the over-two-octave bandwidth from 260 to 1100 nm is su±ciently compensated for. We also investigated optical damage characteristics by means of radiation of 30-fs, 24 GW, 800-nm pulses at a 1-kHz repetition rate. The damage experiment showed that the new SLM has no damage even under the irradiation of 29 GW/cm 2 intensity for longer than 10 hours. This implies that the UV-to-NIR SLM has the comparable damage threshold to that of the previously employed one. This suggests that the combination with the two-dimensional 4-f con¯guration with cylindrical mirrors [10] enables us to compensate for chirp of high peak-power pulses. These results indicate de¯nitely that the new SLM operating in the wavelength region from 260 to 1100 nm is signi¯cantly useful for an ultrabroadband chirp compensator for not only IPM + SPM pulses but also photonic-crystalber pulses [11] . The chirp compensation experiment using a two-dimensional-like SLM (648 pixels, 35-¹m liquid crystal thickness, 100-¹m pixel width, 20-mm pixel length, 2.5-¹m pixel gap) which has been just made is now in progress.
In summary, we have developed the SLM operating in the ultrabroadband range form 260 to 1100 nm. Maximum values of phase modulation are 44.33, 16.34 and 12.76 rad at 300, 600 and 1000 nm, respectively. Using this SLM, it may become possible to generate sub-femtosecond (less than one-cycle) optical pulses. We believe that it brings about a new possibility for us to employ these pulses as a light source of the high-harmonic generation. 
